Introduction
Strabismus is a visual disorder in which the axes of the eyes become unparallel. Strabismus can be monitored constantly in one eye or intermittently between two eyes. The presence of strabismus in one eye creates a serious risk for the development of amblyopia. Animal studies have demonstrated that the development of blurred vision and strabismus causes structural and functional damages in the lateral geniculate nucleus (LGN) and striated cortex. [1] Optical coherence tomography (OCT) is a noninvasive technique providing in vivo sectional images of the retina with high resolution. The OCT has been used because of these features in order to investigate retinal changes in amblyopia. However, the studies evaluating the structural changes in the retina of strabismus patients with OCT are limited in literature. Therefore, in the present study we aimed the comparison of RNFL and macular thickness of strabismic children with healthy children and assessed the alteration of these results in the presence of amblyopia.
Material and Method
The strabismic patients with or without amblyopia were included to the study group. The patients were divided into three groups and a control group was also included from healthy children with the same age. The patients with nystagmus, incomitant strabismus0, eccentric fixation, ophthalmologic problems leading poor vision, spherical or cylindrical refractive errors in both eyes with > ± 5 diopter (D) in patient group and > ± 1D in control group were excluded from the study. According to determined criteria we formed four groups. Group 1 contained 40 eyes of the strabismic children with no amblyopia, Group 2 consisted of 21 amblyopic eyes of the patients with strabismus and amblyopia, Group 3 included 21 healthy eyes of patients with strabismus and amblyopia, and finally the 4th Group was the control group consisting of 40 eyes of healthy children. Corrected and uncorrected visual acuities were measured using Snellen level and cycloplegic refraction measurements were recorded. Prism cover test was used to measure the amount of near and far squint in strabismic cases. Moreover, Spectral Domain OCT/ SLO (Opko/OTI, Inc., Miami, FL) was used for the measurements of all the cases after the generation of cycloplegic mydriasis. Fast RNFL protocol was used to analyze the thickness of the RNFL. Mean RNFL and the thickness of the RNFL across the superior, inferior, nasal, and temporal quadrants were recorded. Macular thickness was determined by the ETDRS circle with 6mm in diameter in nine regions. Whole the measurements of SDOCT were performed by an independent person from the present study. SPSS 18.0 Package Program was used for statistical analysis. The comparison of the measurements between the groups were performed by using chi-square test.
General comparisons of numerical measurements pertaining to the groups were realized by KruskalWallis test and One-way ANOVA tests. Scheffe, Tamhane tests, and Mann Whitney U test were used for the paired subgroup analysis.
Results
The mean age of the patients in Group1 was 12± 3.7 (6-18), 11± 3.6 (6-18) in Groups 2 & 3, and 11.4 ± 3.3 (5-18) in Group 4. There was no significant difference between the mean ages of the groups statistically. Demographic features of the cases are illustrated in Table 1 . All strabismic patients have mild to moderate esotropia. The mean squint amount was 18 prism diopter (range; 8-22 prism diopter). We found that the mean RNFL values were 100.38µm in Group 1, 94.38µm in Group 2, 97.48µm in Group 3, and 109.08µm in Group 4. The thickness of the RNFL across the optic disc, superior, and inferior quadrants and the mean thickness of the RNFL were markedly increased in Group 4 (the control group) with regard to Groups 1, 2, and 3. However, we noted no considerable difference between the superior and inferior quadrants of Group 1 in comparison to Group 2 and Group 3 ( Table 2) . Moreover, we inspected fovea center, the superior, inferior, nasal, and temporal quadrants for the analysis of the macular thickness. Mean macular thickness across the fovea center was 99.43µm in Group 1, 115.86µm in Group 2, 124.33µm in Group 3, and 96.4µm in Group 4. No marked variation was observed at the thickness of fovea center, temporal, and nasal macula among the groups. Similarly, we noticed no significant difference in the thickness of superior and inferior quadrants among the groups. The results of the analysis are summarized in Table  3 .
Discussion
Abnormal position of the visual axis in strabismus causes diplopia and visual confusion. [2] Some adaptive mechanisms develop in time to remove or minimize these effects. The change of foveal fixation from one eye to the other eye in alternating strabismus is one of the adaptive mechanisms; thereby, both eyes sequentially take over the fixation. In the other mechanism, one of the eyes becomes dominant and tries to inhibit visual confu- sion arising from the other eye. The latter mechanism causes strabismic amblyopia in nondominant eye. Several experimental studies show that the number of neuronal activities in visual cortex decrease in strabismic amblyopia. [3, 4] Moreover, studies also demonstrate that the occurrence of strabismus and visual confusion during the early visual development stage yields to structural and functional damages in the LGN and striated cortex. [5] [6] [7] In order to measure the thickness of the RNFL in vivo, optical coherence tomography (OCT) have been used in various ophthalmological diseases, particularly for the investigation of the association between amblyopia and retinal nerve fiber thickness. Bozkurt et al. examined eighteen anisometropic, two strabismic, and four combined amblyopia cases with a mean age of 28-years. [8] Caramelli et al. inspected 21 patients with strabismic amblyopia. These studies did not reported statistically meaningful difference in iNFA-GDx parameters between normal and amblyopic eyes. [9] In respect to these data, we compared retinal nerve fiber thickness of strabismus patients with or without amblyopia with healthy children. We attempted to determine the value of OCT as an early identification method in the diagnoses of strabismic amblyopia through assessing the changes in RNFL in strabismus.
In order to form a nomogram and compare the examined eye with the healthy eye fixed screening diameter is required. Schuman et al. proposed the use of 3mm and 4mm-screening diameter, which is accepted in general. [10] In the present study we used this fixed screening circle. The setback with the use of fixed screening circle is the obtainment of the measurements over larger areas in hypermetropic persons; thereby, optic nerve head is measured thicker in hypermetropic cases and thinner in normal individuals. Therefore, the patients with high hypermetropia and high myopia were excluded from the current study. [17, 18] Localized alterations are suggested to initiate in central nervous system or retina after visual deprivation in strabismic amblyopia. Consequently, structural and functional changes occur in visual cortex, LGN, and ganglion cells pertaining to amblyopic eye. The number and size of the axons of ganglion cells decrease, and this decrease is considered to result with the reduction in the thickness of RNFL. This theory can explain the decrease across the superior quadrant in strabismic eyes, in the mean thickness of RNFL, and decline across superior and inferior quadrants in amblyopia in the current study. Repka et al. demonstrated that the thickness of RNFL in strabismic amblyopia was about 5µm thinner than the amblyopic eye even though it was not statistically significant. [19] In the literature, there is only one study examining the thickness of RNFL in strabismus cases without amblyopia. Reche-Sainz et al. studied the thickness of RNFL in esotropia and exotropia cases and compared the results with the controls, and reported no statistically significant difference between them. [20] In the present study we noted marked reduction in the thickness of RNFL across the superior quadrant in strabismic cases. Even though it was not statistically significant Huynh et al. reported that the thickness of macular center in amblyopic eyes was slightly thicker than the normal eyes. [18] In contrast to the studies showing an increase in the macular thickness in strabismic amblyopia with respect to controls, there are some studies indicating no difference in the macular thickness in strabismic amblyopia with regard to healthy cases. [16, 21, 22] In this study, we noted no statistically meaningful variation in the thickness of the strabismic amblyopic eyes across their nasal and superior quadrants, and their mean macular thicknesses in comparison with other study groups. In the strabismic amblyopic eyes the thickness of temporal quadrant was found to be thicker than the control group wheras inferior quadrant was thicker than the strabismic cases. Likewise, although it was not meaningful, the thickness of macular center was augmented in amblyopic eyes in comparison to the controls. Increased macular thickness in the strabismic amblyopic eyes is argued to be owing to incomplete developmental stage, particularly the inhibition of foveal depression. The changes in the thickness of macula could be explained with the theory stating that differential neuronal looses can occur at various extents depending on the etiology of amblyopia. We did not encounter studies examining the macular thickness in strabismus patients without amblyopia in the literature. In the present study, we measured the thickness of macula in strabismus patients without amblyopia and noted no marked differ- ence in comparison with the controls. We propose that the increase in the thickness of macula in strabismic amblyopia could yield to both the presence of notably thinner inferior quadrant in strabismic eyes than strabismic amblyopic eyes and the occurrence of markedly thinner nasal quadrant in strabismic eyes than healthy eyes of strabismic amblyopic patients. Certain parameters of RNFL measurement determined by using OCT in strabismic eyes were different than those of control group. Although several studies demonstrate the existence of damage in upper visual pathways ( LGN and visual cortex), in amblyopia, the observation of changes in macula and RNFL indicate that pathological alterations also occur at retinal level. [23, 24] Detection of markedly thin RNFL and gradually increased macular thickness determined at various OCT measurements can be a warning for the development of amblyopia. We also observed thinner nasal measurements in cases with strabismus in regard to healthy eyes of cases with strabismic amblyopia.
In conclusion, histological studies are needed to demonstrate the presence of retinal damage in amblyopia. However, with the present study we are hopefull for the use of optical coherence tomography as an early identification tool in the diagnosis of amblyopia in strabismus cases.
